University of Rhode Island

DigitalCommons@URI
Open Access Master's Theses
2022

FREQUENCY OF FOOD CRAVINGS IN ADULTS CONSUMING
ANIMAL- OR PLANT-BASED DIETS
Kate Thomas
University of Rhode Island, kate_thomas@uri.edu

Follow this and additional works at: https://digitalcommons.uri.edu/theses

Recommended Citation
Thomas, Kate, "FREQUENCY OF FOOD CRAVINGS IN ADULTS CONSUMING ANIMAL- OR PLANT-BASED
DIETS" (2022). Open Access Master's Theses. Paper 2135.
https://digitalcommons.uri.edu/theses/2135

This Thesis is brought to you for free and open access by DigitalCommons@URI. It has been accepted for inclusion
in Open Access Master's Theses by an authorized administrator of DigitalCommons@URI. For more information,
please contact digitalcommons@etal.uri.edu.

FREQUENCY OF FOOD CRAVINGS IN ADULTS
CONSUMING ANIMAL- OR PLANT-BASED DIETS
BY
KATE THOMAS

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
IN
NUTRITION AND FOOD SCIENCES

UNIVERSITY OF RHODE ISLAND
2022

MASTER OF SCIENCE

OF
KATE THOMAS

APPROVED:
Thesis Committee:
Major Professor

Kathleen Melanson
Maya Vadiveloo
Sue Adams

Brenton DeBoef
DEAN OF THE GRADUATE SCHOOL

UNIVERSITY OF RHODE ISLAND
2022

ABSTRACT
Objective: To investigate the differences in the frequency and intensity of
food cravings between animal- and plant-based consumers as well as the
association between habitual intake of dietary fibers, animal and plant protein,
and food cravings. Methods: An online cross-sectional study collected data
from adult (> 18 years) animal- and plant-based consumers from March 2020
to January 2022. Participants completed a Qualtrics eligibility questionnaire selfidentifying their dietary pattern and weekly frequency of meat, seafood, dairy,
egg, and honey consumption. Eligible participants (non-smoking, not pregnant,
no fiber supplementation, no chronic disease) were invited via e-mail to
complete a Dietary History Questionnaire, measuring the previous 3 months of
dietary intake, and calculating the Healthy Eating Index total score, as well as
the Food Craving Questionnaire Trait-reduced, measuring general trait food
cravings. Participants were re-categorized into an animal and plant protein
group based on the median value for animal and plant protein intake (grams),
due to inaccuracies in self-identification. Analysis of covariance was used for
the primary analyses, controlling for race, diet quality and total energy intake
and multiple linear regression was used for the secondary and tertiary analyses,
controlling for race and diet quality. Results: The sample (n=98) was primarily
healthy, adult (28.1 + 11.2 y) white (84.9%), females (82.7%). There were no
differences between the animal (37.3 + 12.4) and plant protein group (35.6 +
11.3) for total food cravings (p=0.30). There were no associations observed
between energy (% kilocalories) from total protein (ß = -0.06, r2=0.10, p=0.52),

animal (ß= -0.03, r2=0.10, p=0.72). or plant protein (ß =-0.17, r2=0.11, p<0.19)
and food cravings. Dietary fibers (g/1000 kcal) were inversely associated with
food cravings (ß = -0.32, r2=0.14, p =0.04) Implications: These hypothesesgenerating analyses underscore the relevance of diet quality, race, and intake
of dietary fibers to food cravings frequency and intensity.
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CHAPTER 1

INTRODUCTION
Food cravings are defined as “an intense desire for a specific food item
that is difficult to resist,” and are associated with overeating, a higher body
mass index (BMI), waist circumference, and weight gain over time.1,2 Food
cravings are a common phenomenon that are experienced by around 58-97%
of the population, with women (97%) reporting food cravings more frequently
than men (68%).3,4 Biological, psychological, and social factors motivate food
cravings.1,5,6 The current etiology regarding food cravings supports the theory
of a conditioned response, which is the pairing of a type of food with an
internal (emotions, cognition, physiological) or external (environmental,
situational) stimuli.1 Types of foods typically craved are characterized as
energy-dense and hyperpalatable such as, chocolate, sweets/desserts, salty
snacks, or high fat fast-food items.2 Consuming craved foods activates the
reward center of the brain, initiating a pleasurable response, further
conditioning the motivation to consume similar food items.7 The homeostatic
(appetite and satiety) and hedonic (liking, wanting, craving, rewarding)
physiological processes are integrated, complex systems, which together
motivate food intake.7,8 The current food centric and obesogenic environment
influences food intake and promotes hedonic processes over homeostatic
regulation, initiating a desire to eat independent of hunger.7
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Food cravings may compromise adherence to a sustainable weight loss
regimen, or a healthy eating pattern by motivating food intake, specifically for
energy-dense foods, when satiated. Behaviorally, people characterized as
high trait food cravers report a lower diet quality than low trait food cravers. 9
As a way to promote healthy eating and sustainable weight management/loss
programs, modifying hedonic eating behaviors to reduce excess energy intake
coupled with identifying diets to enhance satiety is of special interest.1
Recently, high protein diets have been recognized as beneficial for weight
management/loss because of the notable effects on satiety.10 Protein
stimulates the release of several satiety peptides, peptide YY (PYY) and
glucagon-like peptide 1 (GLP-1), regulating energy intake.10 Although the role
of protein in promoting satiety and related homeostatic processes is well
established, there has been little investigation regarding the impact protein
intake has on hedonic mechanisms.10 In a sample of adolescent girls with
overweight, a high protein breakfast meal (50 grams) led to a reduced
activation of the reward center of the brain compared to a normal protein (18
grams) breakfast meal.11 Also, the higher protein meal resulted in less energy
consumed from high fat and added sugar foods throughout the day.11 When
cravings are experienced, most commonly the craved food is consumed (8085%), but high protein diets potentially may reduce the activation of the reward
center of the brain, inhibiting excess energy intake from energy-dense foods.12
More research is required to find whether habitual high protein intake can
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physiologically reduce the rewarding aspects and intake of hyper-palatable
foods in other populations.
Additionally, dietary fibers (soluble and insoluble) are nutrients that
influence satiety through several mechanisms. Dietary fibers fall under the
category of non-digestible carbohydrates and enhance satiety by increasing
oral processing time, delaying gastric emptying, and intestinal distension.13
Additionally, dietary fibers may be fermented by bacteria inhabiting the colon
to varying degrees.13–15 Dietary patterns high in fiber provide substrates for the
gut microbes to produce post-biotic metabolites, such as PYY and GLP-1,
which influence energy balance by suppressing appetite and enhancing the
feeling of being full.13 One cross-sectional study investigated the effect on the
gut microbiota and eating behaviors when increasing participants’ intake of a
fermentable dietary fiber, inulin, over a three-week period.16 The study found
that participants reported greater satiety and an increased preference and
desire for vegetables while cravings for salty, sweet, and fatty foods
diminished.16 There is bidirectional communication between the gut
microbiome and the region of the brain regulating energy balance and overall
host homeostasis.14,15 Furthermore, the homeostatic system is intimately
integrated with the hedonic, reward system, thus there is potential for the gut
microbiome to indirectly influence the reward pathway as well.
One diet trend that is increasing in prevalence due to known health
benefits are plant-based dietary patterns, which are associated with a high diet
quality and low BMI.17,18 Other than overall diet quality, plant- and animal-
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based dietary patterns differ in the main source of protein consumed, plant
(whole grains, legumes, nuts, soy) or animal (red-meat, poultry, fish).17,19 Plant
protein foods are considered a healthier, sustainable alternative compared to
animal protein foods, shifting research on protein and appetite towards the
importance of the protein source.14 Several single test meal randomized
control trials investigated differences in satiety, prospective food intake, and
hunger between plant and animal proteins, finding equivalent effects, after
controlling for fiber.20–22 A study by Kehlet23 et al. compared satiety, hunger
and prospective food intake after four test meals with either high or low fiber
(rye bran and pea fiber) and protein (pea and pork) finding the high protein,
high fiber pork meatballs increased satiety, decreased hunger, and
prospective food intake compared to the high protein, low fiber pork meatballs.
Additionally, the high protein, high fiber pork meatballs increased satiety more
than the low plant protein, high fiber meatballs likely due to the difference in
the amounts of protein between meals (108 g of pork v. 40 g of tofu).23 Thus,
there is still some question to whether consuming a high plant protein diet is
more satiating and can reduce food cravings because of the combined,
synergistic roles of protein and fiber.
The physiological responses that protein and fiber have on not only
satiety mechanisms but potentially hedonic processes, proposes a theory for
the possibility of reducing food cravings through diet. However, food cravings
are multidimensional, thus, behavioral, social, and psychological factors also
affect the frequency and intensity of food cravings.5,24 Socially, different
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cultural groups have unique food traditions; food cravings are not as prevalent
or relevant across different cultures as in the United States.25,26
Psychologically, specific disordered eating behaviors are strongly correlated to
food cravings, demonstrating a high sensitivity to emotions and cognitions
determining food intake. Likewise, reasons to start adhering to a new dietary
pattern may influence the foods consumed.17,27 Reasons for following a plantbased diet include health, environmental, animal well-fare, religious,
economic, or social and cultural traditions, or ethical beliefs.28 Other than
differences in dietary motivators, there is inconclusive evidence whether
people consuming a plant-based diet have healthier eating behaviors
compared to those consuming an animal based diet.19 In a recent crosssectional study, vegans and vegetarians reported a lower score for emotional
eating and a higher cognitive behavior focused on health than omnivores.29
However, there is no study to date comparing differences in the frequency and
intensity of food cravings between dietary patterns.
Therefore, the primary aim of this study is to investigate whether there
are differences in the frequency and intensity of food cravings for people who
consume a mainly plant- or animal-based diet. Secondary aims include
investigating the relative amounts of total protein as well as plant and animal
protein intake, separately, and associations with the intensity and frequency of
food cravings. Tertiary aims include investigating the relative intake of dietary
fibers and associations with the intensity and frequency of food cravings. The
primary hypothesis is that people who consume a plant-based diet will
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experience lower frequency and intensity of food cravings compared to people
consuming an animal-based diet. Secondary hypotheses include that a higher
reported intake of total protein, animal protein, and plant protein will be
associated with lower reported food cravings. Tertiary hypotheses are that a
higher reported intake of dietary fiber will be associated with lower reported
food cravings.
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CHAPTER 2

METHODOLOGY

PROCEDURE
This study was approved by the University of Rhode Island Institutional
Review Board. Only data from consented participants were used in analyses.
Data analyzed were from plant- and animal-based consumers obtained from
an online cross sectional study, “Postbiotic Advantages of Vegetarian Eating
and Meat-Eating Nutritional Trends” (PAVEMENT) as well as an in-person
cross sectional study, “Mental Health, Animal Diets, Plant Diets” (MAP).
Eligibility criteria included healthy adults (> 18 years old) of any gender,
without chronic diseases, non-pregnant or lactating, non-smokers, and no fiber
supplementation. Demographic characteristics, age, gender (male, female, or
other), race (White, Asian, African American) height, weight, location, were
collected by a baseline eligibility questionnaire (see Appendix D). Body mass
index (BMI) was calculated using self-reported height and weight. Additionally,
the International Physical Activity Questionnaire was embedded within the
eligibility questionnaire.30 The incentive to participate in the PAVEMENT study
included the chance to win one of two $100 Amazon gift cards.
DIETARY GROUPS
According to the study design, self-identified plant- and animal-based
dietary groups were intended to be the independent variable for the primary
analysis. The eligibility questionnaire included the following list of dietary
patterns to choose from: vegetarian, vegan, paleo, pescatarian, non7

vegetarian, or other. However, when dietary data became available, close
examination revealed that self-identified dietary patterns did not properly
differentiate between high and low animal and plant protein intakes.
Therefore, rather than using self-identified dietary patterns, the groups were
re-categorized based on the median value for total daily animal (30.35 grams)
and plant (29.91 grams) protein intake to form two mutually exclusive
groups—an animal protein group and a plant protein group. Animal protein is
defined as protein from meat, seafood, eggs, and dairy products, while plant
protein is defined as protein from plants such as, cereals/grains, legumes,
seeds, nuts, and vegetables.31 Any participant who was above or below the
median value for both protein sources were then allocated to the protein group
with a greater reported intake. For example, if the participant’s total daily plant
and animal protein were below the median value for both groups, whichever
protein had a greater reported intake, plant or animal, the participant was
allocated to that group. Therefore, primary analyses were run according to recategorization of the groups instead of by the participant’s self-identification.
FOOD CRAVINGS
The Food Craving Questionnaire-Trait-reduced (FCQ-T-r) is a selfreported tool used to measure the frequency and intensity of food cravings as
a general trait (see Appendix E).32 The reduced FCQ-T-r, is a shorter version
than the original (FCQ-T), and was first validated in an adult German32
population and has recently been validated in English 33, Brazilian25, and
Italian34 adult populations. The questionnaire addresses behavioral, cognitive,

8

and emotional aspects of food cravings.32,35 The version of FCQ-T-r used in
this study consists of 15 items, with five subscales; (1) lack of control over
eating (5 items), preoccupied thoughts about food (5 items), intentions and
plans to consume food (2 items), emotions surrounding food cravings (2
items), and cues that may trigger food cravings (1 item).32 Examples of
questions from each subscale, respectively; “When I crave something, I know I
won’t be able to stop eating once I start,” ” I can’t stop thinking about eating no
matter how hard I try,” ”Whenever I have cravings, I find myself making plans
to eat,” “I crave foods when I feel bored, angry, or sad,” and “It is hard for me
to resist the temptation to eat appetizing foods that are in my reach.32”
Participants’ responses are based on a frequency of generally experiencing a
food craving trait with (1) not applicable, (2) rarely, (3) sometimes, (4) often,
(5) usually, (6) always.32 A higher total score, out of a possible 90, represents
a higher tendency of experiencing intense food cravings.32,35 Meule et al. 36
reported a preliminary score of 50 which indicates clinically relevant levels of
trait food cravings indicating concerns of food addiction or disordered eating.
Additionally, a 2-question subscale about the characteristics of food craved,
salty or sweet foods, is included as an exploratory basis but was not included
in calculating the total score.
DIETARY INTAKE
The Dietary History Questionnaire III (DHQ III) is a validated, selfreported dietary assessment tool used to examine relative dietary intake over
the previous three months.37 This specific online DHQ III consists of 14
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categories, with a total of 126 food items, with a fixed list of food or beverage
items under each category.37 For each food item, there is a subsequent list for
frequency of consumption (1-3 times per month, 1-6 times per week, 1-6 times
per day) and estimation of usual portion sizes (1-4 servings, cups,
tablespoons, etc.).37 Specific nutrients of interest for analysis include the
relative amount of total dietary fiber (grams), animal protein (grams), plant
protein (grams), and total protein (grams) consumed as well as the % energy
coming from each energy-providing nutrient (% kcal of protein, animal protein,
and plant protein, dietary fiber (g/1000 kcal).37 The DHQ III output includes
separated columns for type of protein consumed (animal or plant) as well as
Food Pyramid Equivalents for total daily servings of plant protein foods (whole
grains, legumes, nuts and seeds, and soy) and animal protein foods (poultry,
red meat, cured meat, seafood, eggs, cheese, yogurt, and milk).37 Total
dietary fiber, defined based on the NDSR31 criteria, is used to represent total
dietary fiber intake (sum of insoluble and soluble fibers).37 The Healthy Eating
Index 2015 (HEI-2015) total score is also calculated as an indicator of overall
dietary quality. A higher score, out of a possible 100 points, reflects a higher
adherence to the dietary guidelines. Implausible energy reporters, defined as
<500 to > 3500 kcal for women and < 800 to >4000 kcal for men, were
excluded from analysis.38
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STATISTICS
All statistical analyses were performed using SAS OnDemand for
Academics Software. A sample of 98 participants with complete data were
used for analysis. With a sample of 98, a power of 0.80, and a significance
level set at 0.05, the effect size determined by G-power version 3.1 to see a
significant difference between food craving scores is 0.28. Data for continuous
variables are represented as the mean and standard deviation and for
categorical variables data are represented as a percentage. Differences in
sample characteristics between animal and plant protein groups were
determined by independent samples t-tests for normally distributed continuous
variables and the Chi- square test for categorical variables. Independent ttests were used to assess differences in daily servings for animal and plant
protein food sources between protein groups.
For the primary analyses, differences in the food craving intensity
scores were compared between the two protein groups using analysis of
covariance (ANCOVA). Spearman correlations were run to test the strength of
correlation between the primary categorical variable and potential a priori
covariates, total energy intake (kcal)9, body mass index (kg/m2)32, age32,39
(years), and diet quality9 (Total HEI-2015 score) as continuous variables and
gender3 and race40 as categorical variables. Any variable highly correlated
with the independent variable (r > 0.70) was not included as a covariate in the
final primary analysis.41 For the final ANCOVA model, total energy intake, diet
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quality, and race were controlled for. Differences in each of the five category
scores of the FCC-T-r between the animal and protein group were determined
using independent t-tests.
For the secondary and tertiary analyses, multiple linear regression was
used to analyze the association between total daily energy from protein (%
kcal), animal protein (% kcal), plant protein (% kcal), as well as dietary fiber
(g/1000 kcal) and food craving scores in the entire continuous sample. A
hierarchical regression approach was used, adding each of the identified a
priori covariates, total energy intake (kcal)9, body mass index (kg/m2)32,
age32,39 (years), and diet quality9 (Total HEI-2015 score) as continuous
variables and gender3 and race40 as categorical variables singularly into the
model and evaluating whether it markedly influenced the overall model.
Therefore, for the secondary analysis, the regression models were each
adjusted for race and diet quality. P-values < 0.05 are considered statistically
significant.
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CHAPTER 3

RESULTS
All the participants were classified as plausible energy reporters (n=98),
thus, all were included in the primary, secondary, and tertiary analyses.
Supplementary Table 1 displays the participants original identified dietary
pattern and the protein group the re-classified group.
Table 1 shows the characteristics of the analytic sample. The sample is
primarily white (84.9%), normal weight (23.2 + 4.1 kg/m2) adult (28.1 + 11.2
years), women (82.7%), with high diet quality (HEI 2015= 71.4 + 12.3). The
animal protein group is primarily white (49.5%), women (42.9%) of normal
weight (23.8 + 4.2 kg/m2), but with significantly more males than the plant
protein group (n=14, p=0.02). Similarly, the plant protein group is primarily
white (35.5%), women (49.8%), of normal weight (22.3 + 3.8 kg/m2). There
was a significant difference between protein groups for diet quality, with a
lower diet quality in the animal protein group (65.5 + 12.4) than the plant
protein group (78.6 + 7.5). There were no differences in age, race, body mass
index, or weekly moderate physical activity between the animal and plant
protein groups.
Dietary Intake
Table 2 displays the dietary intake by total relative nutrients and food
groups. Overall, the animal protein group had a greater intake of daily protein
(81.1 + 37.8 g) than the plant protein group (56.4 + 21.1 g) (p < 0.01). The
animal protein group reported a significantly greater daily intake of animal
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protein (56.4 + 32.4 g) than the plant protein group who instead reported a
significantly greater daily intake of plant protein (41.1 + 14.1 g) (p <0.01).
Around 51.0% of the sample met or were above the recommended
daily value for dietary fiber intake but 48.9% were below the recommended
daily value. The animal protein group (19.6 + 11.2 g) reported a significantly
lower intake of dietary fiber than the plant protein group (29.2 + 10.9 g) (p
<0.01). The animal protein group reported a significantly lower average daily
serving of all plant protein foods (2.5 + 2.1 oz/day) compared to the plant
protein group (6.2 + 2.9 oz/day) (p < 0.01). Consistently, the animal protein
group reported a significantly higher average daily serving of eggs (0.8 + 0.6
oz/day) than the plant protein group (0.4 + 0.5) (p < 0.01), but not for daily
servings of milk (p=0.11) or total dairy (p=0.20). Daily servings of added
sugars (tsp/day) (p=0.02), refined grains (oz/day) (p=0.03), and total grams of
saturated fat (p<0.01) were significantly higher in the animal protein group
than the plant protein group.
Food Cravings
Table 3 shows the average total food craving score and category
scores for the animal and plant protein groups. Overall, the average total food
craving score reported was 36.5 + 11.9 out of a possible total score of 90.
Energy (r = 0.18 p = 0.07) was not significantly correlated with food cravings
total score, but race was negatively correlated (r = -0.33 p<0.01), and both
were included as a covariate in the analyses. The total food craving score was
not different between the animal protein group (37.3 + 12.4) and plant protein
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group (35.6 + 11.3) after controlling for total energy intake, diet quality, and
race (p= 0.31). There were no differences between the protein groups for any
of the five food craving category scores. For the exploratory questions of salty
and sweet, there were no differences between the plant and animal groups in
terms of preferences for salt or sweet. The same model was run with the
independent variable as the self-identified plant- and animal-based groups and
there were also no significant differences observed (p=0.36).
Protein
Table 4 displays the standardized beta weights for the secondary and
tertiary analyses. Diet quality was negatively correlated with % kcal protein (r =
-0.16, p=0.11) and animal protein (r = -0.40, p<0.01), but positively correlated
with % kcal plant protein (r = 0.57, p<0.01). Race was not significantly
correlated with % kcal protein (r = -0.05, p=0.60), plant protein (r = -0.06,
p=0.52), or animal protein (r = -0.02, p=0.84). Protein (% kcal) was not
significantly associated with total food cravings when controlling for race and
diet quality (ß = -0.06, r2=0.10, p=0.52). Similarly, % kcal from animal protein
was not significantly associated with total food cravings when controlling for
race and diet quality (ß= -0.03, r2=0.10, p=0.72). Plant protein (% kcal) was
not associated with the total food craving score (ß =-0.17, r2=0.11, p<0.19)
when controlling for race and diet quality. Plant protein (% kcal) and dietary
fiber (g/1000 kcal) were strongly correlated (r = 0.83, p<0.01).
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Fiber
Table 5 includes the regression output for the tertiary analyses. Dietary
fiber (g/1000 kcals) (r = 0.77, p<0.01) was strongly associated with diet quality,
but not race (r = -0.11, p=0.25), and both were used as covariates. Dietary
fiber was negatively associated with total food craving scores in the entire
continuous sample when controlling for diet quality and race (ß = -0.32,
r2=0.14, p =0.04).
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CHAPTER 4

DISCUSSION
The main objective of this study was to investigate differences in the
frequency and intensity of food cravings between habitual consumers of
mainly animal- or plant-based diets. Overall, the animal protein group and
plant protein group did not significantly differ in the frequency and intensity of
food cravings or by category scores. Furthermore, there were no significant
associations between total protein, animal protein, or plant protein and food
cravings. However, the results indicated that an increased intake of dietary
fibers were inversely associated with food cravings, after controlling for race
and diet quality.
The overall mean food craving scores for the entire sample and across
both protein groups were below the clinically relevant FCQT-r total score of 50,
thus, on average, this sample does not experience high trait food cravings.36
Previously, a study by Taezch et al42, found participants who reported higher
trait food cravings reported a lower diet quality compared to people reporting
lower trait food cravings. Consistently, in this current sample of primarily low
trait food cravers, a higher overall diet quality was also reported. Additionally,
diet quality was a key covariate across all analyses. Although the plant protein
group had a significantly higher diet quality, both protein groups’ HEI-2015
total score was greater than the U.S. population average of 59.38,43 The overall
high diet quality score may in part explain the overall low food craving scores
because people adhering to the dietary guidelines may be consuming more
17

calories from recommended fibrous foods such as vegetables, fruits, nuts,
legumes, and less from energy-dense hyper-palatable food sources. On
average the sample met the daily recommendation for dietary fiber (14 g/1000
kcal), yet most Americans do not consistently meet this recommendation.44
The plant protein group reported a higher fiber intake, lower energy intake,
and lower protein intake but a similar food craving score as the animal protein
group. The difference observed in dietary intake underscores the relevance of
further studying the whole diet instead of only focusing on consumption of
typically craved foods.
This sample did not report a high intake for total added sugars,
saturated fat, sodium, and refined grains, which are associated with craved
foods. Therefore, this sample is not likely consuming such foods, or displaying
the conditioned response of cravings from consuming energy-dense,
hyperpalatable foods. A habitual obesogenic diet (high in energy-dense,
hyperpalatable foods) promotes hedonic processes, such as food cravings,
over homeostatic processes by increasing and conditioning the rewarding
value of palatable food. 7 A sustained increase in the stimulation of reward
pathways after consumption of hyper-palatable foods, alters metabolic and
hedonic functioning, potentially dysregulating these pathways over time.7,45
This dysregulation is usually observed in people with obesity, but the
underlying mechanism is multifactorial and could be a result of a habitual
obesogenic diet and/or physiological changes occurring as a result of
increased adiposity.7 However, this particular study consisted of individuals
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with primarily a normal BMI, unlike other studies in the literature that have
been conducted in primarily populations with overweight or obesity, with higher
reported food craving scores.40–10 In previous studies, a higher BMI has been
positively associated with elevated food cravings but, in this study, BMI was
not strongly correlated with food cravings. This is likely due to the low BMI and
food craving scores in this sample, but in samples with a higher BMI, the
relationship may be mediated by obesity.
Furthermore, there were no significant associations observed between
habitual protein consumption as well as a higher habitual consumption of
either plant or animal protein and food cravings. Although the literature on
high protein intake (1.2-1.6 g/kg/d) influencing satiety is well documented10,
there is little consensus on the influence a diet habitually high in protein has
on hedonic processes, since both hedonic and homeostatic processes govern
food intake.12 The non-clinically relevant food craving score may have
impaired the ability to find any significant associations with protein intake.
In comparison, relationships were seen between dietary fibers and total
food cravings; an increase in dietary fibers was associated with a decreased
total food craving score. Dietary fibers’ inverse association with food cravings
may be because fibrous foods tend to be nutrient-dense and do not directly
provide energy, while food cravings are typically associated with energy-dense
foods and nutrients such as added sugar, salt, and fat, and total energy
intake.43,40,1 The explanation may also be due to the positive influence dietary
fibers have on enhancing satiety, through gut fermentation, intestinal bulking,
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and delayed gastric emptying. A meta-analysis summarizing experiments
conducted on acute dietary fiber intake and satiety indicated there were overall
no significant reductions on appetite or prospective energy intake, but hedonic
processes and long-term dietary fibers intake has not been summarized.49,44
As mentioned previously, the gut microbiome also adapts to habitual diet and
an obesogenic diet promotes the proliferation of bile-tolerant, obesogenic
bacteria while a diet with adequate intake of dietary fibers supports healthful
bacteria proliferation, indirectly benefitting the host’s homeostasis. 13,50 Also,
there is observational research showing differences in the bacterial
composition and diversity between plant- and animal-based consumers.17,14
However, the influence the gut microbiome may have on hedonic processes
needs to be included in the context of energy balance, hedonic processes,
and habitual diet. Future research should consider further investigating
relationships between dietary composition, the gut microbiome, and hedonic
processes, such as food cravings.
While this study is the first to examine food cravings and dietary intake
among animal and plant-based dietary patterns, there are some limitations to
note. First, the DHQ III is a validated dietary measurement tool but, as with all
such dietary instruments, is prone to misreporting and recall bias. Also, the
wide variety of plant-based protein options available were not fully captured by
this DHQ III. Another limitation was the FCQT-r, although validated, it may be
prone to social desirability bias.32,35 Lastly, there was an issue with selection
bias due to the large number of people interested in completing the study, but
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only 53% completed all components of the study. People who are interested in
completing a nutrition study may be also interested in health and diet, thus
potentially explaining the high diet quality reported.
Among this study’s strengths is that it fulfilled some important research
gaps. The sample was re-categorized to reflect primary dietary protein sources
and the primary analysis was conducted both with the self-identified and
reclassified groupings, finding similar results. Secondly, the sample was
comprised of males and females as well as different age groups, as compared
to most of this research conducted in female, young adults in college settings.
Also, the online modality allowed for representation across different
geographical locations, aiding to the generalizability of the findings. Although
the sample was limited in racial and ethnic diversity, the regression results
highlight the importance of considering this as a key variable in future
research. Previous literature shows different cultural groups report lower food
cravings, but when greater acculturation to the U.S. is identified, the frequency
of food cravings is similar to the general population.51 Consistently in this
study, the non-white participants reported lower food craving total scores, but
the uneven distribution in sample size made it difficult to determine factors
driving this difference between race and food cravings.
This hypothesis-generating analysis lends insights for ongoing work in
this area. Future research directions include investigating specific foods
craved by people who follow different dietary patterns and include a wider
variety of dietary patterns. As the food environment progresses with more
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processed plant-based options for the vegan or vegetarian consumer, there
may be a renewed interest in the effect these new, hyper-palatable, processed
food items will have on overall diet quality and hedonic processes. In
summary, in a sample of healthy participants following an animal or plantbased diet, dietary fibers intake was the only predictor of lower food craving
scores, independently of diet quality, race, and total energy intake.
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Table 1: Sample and Animal and Plant Protein Group Characteristics
Characteristics

Sample Size (n)

Total

Animal Proteina

Plant
Proteina
Frequency (n, %)

p

98

56 (57.1%)

42 (42.8%)

81 (82.7%)
17 (17.4%)

42 (42.9%)
14 (14.3%)

39 (39.8%)
3 (3.1%)

0.02*

79 (84.9%)
14 (15.1%)

46 (49.5%)
8 (8.6%)

0.93

Age (years)

28.1 + 11.2

26.9 + 10.5

33 (35.5%)
6 (6.5%)
(Mean+SD)
29.8 + 12.0

BMI (kg/m2)

23.2 + 4.1

23.8 + 4.2

Gender
Female
Male
Raceb
White
Non-white

22.3 + 3.8

0.20
0.07

Total Healthy
Eating
71.4 + 12.3
65.5 + 12.4
78.6 + 7.5
< 0.01*
Index Scorec
Total Moderate
2.5 + 2.3
2.4 + 2.2
2.5 + 2.50
0.85
physical activityd 36.7 + 47.4
37.9 + 39.2
35.2 + 55.8
0.78
(days; min)
a Protein groups separated by median split value for plant and animal protein
in grams. Median for plant (29.76 grams) and animal protein (30.41 grams).
b There were 5 participants with missing data on race.
c A higher score (out of a possible 100) represents a greater adherence to the
dietary guidelines.
d Measured by the International Physical Activity Questionnaire (IPAQ) 30
*P-value < 0.05
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Table 2: Total Daily Dietary Intake for Animal and Plant Protein Groups
Sources
Total Sample
Animal
Plant Protein
(N=98)
Protein
(N=42)
p-value
(N=56)
Total Daily Dietary Intake*a
(Mean+SD)
Total Calories*
Protein*b(%/kcal)
Animal Protein*
(%kcal)
Plant Protein*
(%kcal)

1641.4 + 559.1

1724.3 + 595 1530.9 + 492.7

0.09

16.5 + 5.2
8.9 + 6.4

18.6 + 5.4
12.9 + 5.9

13.8 + 3.3
3.8 + 1.8

<0.01*
<0.01*

7.9 + 3.4

5.7 + 1.8

10.9 + 2.6

<0.01*

Dietary Fiber*
(g/1000/kcal)
% RDAc

14.8 + 6.6

11.2 + 5.0

19.5 + 5.5

<0.01*

105.4 + 47.3

80.1 + 35.4

139.2 + 39.7

<0.01*

Proteina (g)

70.5 + 33.9

81.1 + 37.8

56.4 + 21.1

<0.01*

Animal Proteina (g)

38.7 + 32.6

56.4 + 32.4

15.3 + 11.6

<0.01*

Plant Proteina (g)

31.8 + 15.4

24.9 + 12.5

41.1 + 14.1

<0.01*

23.7 + 11.9
19.6 + 11.2
Daily Servingsd
(Mean+SD)

29.2 + 10.9

<0.01*

<0.01*

Dietary Fibera (g)

Total Meate

2.3 + 2.5

3.5 + 2.6

0.6 + 0.5

Poultrye

1.0 + 1.5

1.7 + 1.7

0.1 + 0.1

Red Meate,f

0.8 + 0.9

1.2 + 1.1

0.2 + 0.1

Seafoode

0.4 + 0.7

0.6 + 0.8

0.2 + 0.4

1.5 + 1.6

1.7 + 1.1

1.2 + 2.1

0.11

Milkg

0.6 + 0.8

0.7 + 0.9

0.5 + 0.6

0.11

Cheeseg

0.5 + 0.6

0.7 + 0.6

0.3 + 0.5

<0.01*

Yogurtg

0.1 + 0.2

0.2 + 0.2

0.1 + 0.2

0.04*

Eggse

0.3 + 0.6

0.8 + 0.6

0.4 + 0.5

< 0.01*

Total Plant Proteine

4.1 + 3.1

2.5 + 2.1

6.2 + 2.9

< 0.01*

Dairyg
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<0.01*

Soye

0.6 + 0.8

0.3 + 0.3

0.9 + 1.1

<0.01*

Nuts/seedse

1.3 + 1.4

0.9 + 0.8

1.8 + 1.7

<0.01*

Legumesg

1.0 + 1.4

0.4 + 0.8

1.8 + 1.6

<0.01*

Whole Grainse

1.3 + 1.0

1.0 + 0.9

1.7 + 0.9

<0.01*

Added Sugars (tsp)

8.3 + 5.6

9.4 + 6.1

6.7 + 4.6

0.02*

Saturated Fat (g)

18.3 + 9.9

21.6 + 10.6

13.8 + 7.0

<0.01*

Refined Grainse

3.2 + 1.8

3.5 + 1.9

2.8 + 1.6

0.03*

Total Fruitg

1.3 + 0.9

1.2 + 0.8

1.5 + 0.9

0.05

Total Vegetableg

2.1 + 1.4

1.8 + 1.5

2.3 + 1.3

0.06

*

Nutrients included as the primary independent variable are expressed as the
percent daily energy for each specific nutrient (% kilocalories). Dietary fiber is
expressed regarding the dietary guideline’s recommendations of 14 grams of
fiber per 1000 kcal.
a
Nutrients are expressed as the crude total daily intake in grams.
b The acceptable macronutrient distribution range (%) for protein is 10-35% of
calories.
c The recommended daily value for protein is 0.8 g/kg body weight. The
recommended daily value of dietary fiber is 14 grams of fiber per 1000
kilocalories.
d Values are based on the Food Pyramid Equivalents ounces/cups per day.
e Serving represented as ounces/day.
f Red meat is the total servings for red and cured meat.
g Serving represented as cups/day.
*P-value<0.05
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Table 3: Food Craving Total and Component Scores by Protein Group
Food Craving Scores

Total
Sample
(N=98)

Animal Protein
(N=56)

Total Food
36.5+ 11.9
Craving Scorea,b
Category 1 Total Scorec,d:
Lack of Control
10.7 + 4.2

Plant
Protein
(N=42)
(Mean+SD) p-value

37.3 + 12.4

35.6 + 11.3

11.1 + 4.5

10.3 + 3.7

0.38

0.30

Category 2 Total Scorec,d:
Preoccupied with Food

11.6 + 5.0

11.5 + 5.3

11.8 + 4.6

0.79

Category 3 Total Scorec,e:
Intentions/Plans to Eat

5.8 + 1.9

5.9 + 1.9

5.7 + 1.9

0.43

Category 4 Total Scorec,e:
Emotions before/during

5.6 + 2.3

5.8 + 2.4

5.4 + 2.1

0.30

Category 5 Total Scorec,f:
Triggers cue to eat

3.2 + 1.4

3.4 + 1.5

3.0 + 1.3

0.24

3.2 + 1.1

3.1 + 1.2

0.70

3.3 + 1.3

3.2 + 1.1

0.77

Salty Total Scorec,f:
3.2 + 1.1
Sweet Total Scorec,f:
3.2 + 1.3
a

The total food craving score can range from 15 to 90; A higher score
represents a higher frequency and intensity of general food cravings.32 The
total score was calculated based on the first 5 categories, salty and sweet were
not included in the total score.
b Analysis of Covariance controlling for race, diet quality, and total energy
intake.
c Independent T-tests conducted for food craving category scores
d There are 5 questions included within these categories. Each question is
based on a 6-point Likert scale with scores ranging from 5-30 for each
category.32
e There are 2 questions included within these categories. Each question is
based on a 6-point Likert scale with scores ranging from 5-12 for each
category.32
F: There is only 1 question included in these categories. Each question is based
on a 6-point Likert scale with scores ranging from 1-6 for each category.32
* p-value >0.05
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Table 4: Standardized Beta-Coefficients for Energy from Nutrients
Regression Output
Nutrient*
Crude Betaa
p
Adjusted Betab
R2
c
c
[CI]
[CI]
[CI]
Total Protein
(%kcal)
-0.07
-0.06
0.10
[-0.62, 0.30] 0.49
[-0.62, 0.32]
[-0.01,0.20]
Total Animal
Protein
(%kcal)

-0.05
[-0.47, 0.26]

Total Plant
Protein
(%kcal)

-0.06
[-0.94, 0.48]

Dietary Fiber
(g/1000 kcal)

-0.06
[-0.48, 0.23]

p

0.52

0.57

-0.03
[-0.46, 0.32]

0.10
[-0.01,0.20]

0.72

0.52

-0.17
[-1.57, 0.31]

0.11
[-0.01,0.22]

0.19

-0.32
[-1.15, -.02]

0.14
0.04*
[0.02, 0.26]

0.50

*Nutrients

included as the primary independent variable are expressed as the
percent daily energy for each specific nutrient (% kilocalories). Dietary fiber is
expressed regarding the dietary guideline’s recommendations of 14 g of fiber
per 1000 kilocalories.
a Linear regression model is used without controlling for covariates.
b Multivariate regression model adjusted for race and diet quality (measured
by the Healthy Eating Index 2015)
c 95% Confidence intervals
d A R2 = .01 is a small effect size, R2 =.13 is a medium effect size, and R2
=.26 is a large effect size.41 The R2 is only provided for the adjusted model
** P -value < 0.05
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APPENDICES

A. EXTENDED LITERATURE REVIEW
OBESITY AND FOOD CRAVINGS
The prevalence of obesity in the United States is increasing annually, with
42% of the population classified as obese in 2017-2018.52 There is a
heightened public health concern regarding the obesity epidemic, as it is a
known risk factor for chronic disease (cardiovascular disease, type II diabetes,
cancer, etc.).45,52 The development of obesity is complex and multifactorial.
From a physiological perspective, obesity is a result of a constant energy
imbalance between the ratio of calories consumed to those expended. Eating
behaviors associated with overeating, such as food cravings are emerging as
targeted interventions for reducing excess caloric intake. Food cravings are
defined as strong, intense desires for a specific food item that is difficult to
resist.2 Craved food items usually are characterized as energy-dense and
hyperpalatable, which are key contributors to excess energy intake.2,40
Consuming excess calories or overeating frequently, as a response to food
cravings can increase body weight over time and a higher frequency of food
cravings is associated with a higher body mass index (BMI).1 Thus, food
cravings may also act as a barrier to weight loss or maintenance.1 In
summary, the assessment of specific food cravings and their consumption is
an important objective, since there are strong implications for the development
of obesity and related health problems.
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FOOD INTAKE: BIOLOGICAL PERSPECTIVE
Physiologically, a cascade of signals relay energy needs to homeostatic
areas of the brain to initiate eating in order to maintain energy balance.43
Independently of hunger, food intake can be motivated by hedonic processes
(liking, rewarding, wanting) such as food cravings.7,8 Hunger is not a
prerequisite for experiencing a craving, and they differ in specificity and
intensity.2 In order to alleviate a craving, the specific craved food item needs to
be consumed but for hunger, any food item can be consumed.2 Thus, a food
craving stimulates and motivates one to eat regardless of their current energy
balance status. The hormonal and appetitive controls for maintaining a proper
energy balance and body weight are dismissed and the physiological hedonic
controls motivating food intake during a craving gain control.7,8 Therefore, a
different pathway is responsible for motivating food intake through a hedonic
response over homeostatic regulatory signaling (hunger and satiety).7 The
reward center of the brain, receives information about the incentive value of
food and integrates it with metabolic status.8 Since eating is a pleasurable and
rewarding experience, the homeostatic portion of the brain, and the reward
portion, are both activated and interact before, during, and after food intake.53,7
For instance, the hunger hormone ghrelin, is released from the
enteroendocrine cells of the gastrointestinal tract, stimulating food intake.43
Alongside homeostatic controls of stimulating hunger, ghrelin also hedonically
motivates food behavior, partially by its influence on receptors in the reward
center of the brain. In prospective studies, ghrelin has been shown to play a
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role in increased food cravings over time. After 6 months, higher baseline
plasma levels of ghrelin in a healthy sample predicted higher total food
cravings over time.54 Also, a laboratory-controlled study comparing plasma
ghrelin levels and food craving response between individuals with and without
obesity noticed that as plasma ghrelin levels increased, so did the food
cravings for the overweight group but not those without overweight.55 This
demonstrates the hedonic and metabolic adaptations occurring for individuals
with obesity compared to individuals without. High plasma levels of ghrelin
may be able to shift preferences to hyper-palatable foods postprandially and
increase motivational aspects of food reward and the hedonic value of food.
Thus, hormonal and appetitive signals interact with the hedonic pathways, and
this interaction may be heightened alongside metabolic or hedonic
dysregulation.45,56

FOOD INTAKE: PSYCHOLOGICAL PERSPECTIVE
Food cravings are a multidimensional experience determined by
physiological, psychological, and behavioral factors. Alongside homeostatic
and hedonic mechanisms, psychological and behavioral factors mediate food
intake as well. The food craving experience is also stimulated by emotions;
changes in mood impact the desire and intensity to eat, and cognition; being
preoccupied with thoughts of food or stress.5 Specific situations may also
trigger food seeking behaviors as well as cue intrusive images or thoughts that
may be associated with subsequent food intake.57 Food cravings are
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associated with problematic eating behaviors such as emotional eating,
uncontrolled eating, restrained eating, and binge eating.24,58 Also, these eating
behaviors are associated with a higher body mass index.24,58 Specifically,
restrained eating refers to the tendency to restrict energy or specific foods to
control weight.59 Paradoxically, high dietary restraint is associated with
increased impulsivity, heightened reactivity towards food, and disinhibited
eating.60 Impulsivity and reactivity to food cues represent constructs that may
also serve as mechanisms to explain food cravings. Greater restrained eating,
uncontrolled eating, and emotional eating are consistently reported in women
and young adults than males and older adults.39,60 Likewise, women and
young adults also report more frequent food cravings than males and older
adults.1,3 A cross-sectional study by Verzijl et al. found food cravings to have
an indirect effect on the association between restrained eating, emotional
eating, and uncontrolled eating for both males and females.24 Restrained
eating may be explained as a counter regulation of food intake and an
individual will actually consume more calories from a hyperpalatable food item
compared to an unrestrained eater.59,60 When an avoided food item is
consumed, the original cognitive restrictions in place are dismantled, triggering
an opportunity to indulge in the prohibited food item, leading to overeating.59 A
similar interaction is measured in diet intervention studies when specific food
items typically craved are restricted, leading to an increased craving for the
food item.5 This type of experimental manipulation is defined as “hedonic
deprivation,” where only specific food items, usually hyper-palatable, are
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restricted, while consumption of others are not, thus total energy intake is
assumed to be unaffected.5 In a female college-aged population, restricting all
foods containing chocolate for a week resulted in a strong desire to eat
chocolate containing foods during deprivation and extending the length of
chocolate deprivation further to two weeks in a similar population produced
consistent results.61 Another study that categorized female college students by
their general food craving trait, resulted in an increased desire to eat chocolate
in people with high trait food cravings during a two-week chocolate-deprivation
compared to people with low trait food cravings who did not show any
significant differences.57 Trait food craving is a behavioral characterization and
is described as the general frequency and intensity of habitual food
cravings.35,62 All the experimental studies on the effects of selective hedonic
deprivation on food cravings are completed in female-dominated, college
populations. There is limited generalizability for the effect hedonic deprivation
has on food cravings in other races/ethnicities, genders, and age groups.
Another strategy to examine whether restriction of specific food items
leads to increased food cravings is by conducting energy-restricted, weightloss interventions. Several meta-analyses63 and reviews64 summarize the
numerous studies conducted on prolonged energy-deficit diets and the
subsequent response of food cravings. In a sample of adults with overweight
following a low-carbohydrate diet (~1500 kcal/day) for four weeks, greater
reduction was seen in food cravings from baseline to post-intervention.65 In
another sample of adult women with overweight, a 12-to-15-week energy
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deficit of 500 to 700 kilocalories resulted in reduced food cravings from
baseline to post-intervention.66 Furthermore, similar weight-loss studies have
conducted additional follow up measurements of food cravings, showing
consistent reductions in overall food cravings at 16 67 and 2468 weeks post
intervention. Overall, short-term hedonic deprivation studies increase food
cravings, while long-term, energy-restriction appears to decrease food
cravings over time.5 Based on the conditioned response model for food
cravings, a long-term deficit may be due in part to extinction learning, where
specific food is avoided and replaced with alternative options, thus deconditioning the habit of food craving as a behavioral process.1,5

FOOD CRAVINGS: SOCIO-CULTURAL PERSPECTIVE
Although associations have been shown between food cravings, poor
diet quality9, and high consumption of energy-dense foods40,9, this may be
specific to the United States and may not be generalizable to other cultures.
The term “craving” is commonly used in the United States and refers to an
intense desire for food or non-food substances (drugs, alcohol, etc),
suggesting addictive behaviors.69 However, the concept of craving in
reference to food is limited in prevalence and importance in other languages
and cultures outside of the United States.26,69 Some cultures do not have a
synonymous word for craving in their language.26,69 Similar words or phrases
for cravings usually refer to an intense desire for a drug, assuming a negative
connotation.69 In America, the most frequently reported craved food is
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chocolate, with regular chocolate cravings reported by 45% of young adult
women and 17% among men.25 In a Japanese sample, only 9.2% reported
craving chocolate in any form (white, dark, milk) and instead there were higher
food cravings for rice (43.8%), beer, and salad rather than frequently reported
energy-dense food items in Westernized nutritional studies.26 In an Egyptian
sample, Egyptians reported more cravings for savory and salty foods than
sweet foods.70 Only 1% of Egyptian young men and 6% of Egyptian young
women reported cravings for chocolate.70 Furthermore, in a Brazilian
population, the most frequently reported craved foods were for traditional
meals, rather than specifically singular foods containing a high proportion of fat
or sugar.25 Overall, context and the situation is important for understanding the
prevalence and relevance of food cravings, especially scenarios motivating the
intake of nutrient-dense foods over energy-dense foods. America is a food
centric and obesogenic environment filled with external food cues and greater
access to energy-dense foods over nutrient-dense foods, which may increase
the sensitivity to food cravings.1 For instance, in a sample of foreign-born,
second-generation immigrants, and U.S-born women, the foreign-born women
reported less cravings for chocolate (17.3%), but the participants
demonstrating greater U.S acculturation, reported a higher endorsement of
chocolate cravings, especially during the menstrual cycle.51 The contrast
between cultures experiencing food cravings demonstrates the importance of
studying the prevalence and relevance across different environments,
cultures, and traditions.
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FOOD CRAVINGS & FOOD INTAKE
Previously, the etiologic theory of food cravings was hypothesized as a
response to food restriction or a nutrient deficiency, but food cravings are
more complex.5 Instead, the most recent scientific evidence supports the
conditioned response model for explaining the phenomenon of food
cravings.1,5 The conditioned response is the pairing of an internal
(emotions/cognitions, physiological) or external (environment, situational)
stimuli with the consumption of a specific food item.1 Specifically, craved food
items are characterized as hyper-palatable and energy-dense, such as,
sweets/desserts, chocolate, salty snacks, and high fat fast food items.2 White
et al.2, identified four categories of frequently craved foods in an American
population to create the Food Craving Inventory.2 Foods identified were
clustered based on food attributes such as, high-fat foods (e.g., fried chicken,
sausage, fried fish, hot dogs), sweets (e.g., brownies, cookies, candy,
chocolate), starchy carbohydrates (e.g., rolls, waffles, biscuits, bread), and
high-fat foods served at fast-food restaurants (e.g., hamburger, French fries,
chips, pizza).2 When a craved food is consumed, the reward center of the
brain activates initiating a pleasurable response, further conditioning the
motivation to consume similar food items.7 Therefore, the body can be
conditioned to respond to the intake of food in a specific way, especially food
that is palatable, eliciting a reward response by the brain.7,8 It is important to
understand the relationship between the type of foods craved, subsequent
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intake of those foods and the amount consumed to further understand the
implications food cravings have on energy balance and obesity. In a labcontrolled setting, a sample of participants with overweight and obesity
reported specific foods habitually craved using the Food Craving Inventory
(FCI) and the results were compared to the type and amount of hyperpalatable
foods consumed ad libitum (baked potato chips, regular potato chips, M&Ms,
skittles).55 Reported cravings for sweet foods were significantly correlated with
consumption of candy, cravings for high fat food items were significantly
correlated with consumption of regular chips but not low-fat baked chips, but
there were no significant correlations observed for carbohydrates and
subsequent food intake.55 These preliminary results show that habitual
cravings for a food item correlate with consumption of specific foods that fit
into the food category but more lab-controlled studies including a larger
selection of food options is required.55 Another laboratory-controlled study
included ad libitum options of both bland foods (unsalted almonds, whole grain
crackers, and raisins) as well as hyper palatable foods (potato chips, skittles,
M&Ms).71 Unlike the other study, food cravings were measured by the Food
Craving Questionnaire Trait62 (FCQ-T) which is a psychometric measure of
general food cravings. There was a significant correlation between cravings
and intake of hyperpalatable foods but cravings and intake of bland foods
were not correlated among participants with varying BMI (17.9 to 46.4 kg/m ).71
2

For both studies, the amount of food actually consumed was not measured,
limiting the depth of information and interpretation.55,71 Additionally, these
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laboratory-controlled studies lack generalizability of food cravings in free-living
conditions and further analysis is required to see if when analyzing the whole
diet there is in fact habitual intake of these energy-dense food items specific to
food cravings.
Observational studies investigating associations between food cravings
and habitual consumption of craved foods show a reciprocal relationship
between cravings for specific food items and habitual consumption of those
craved food items. A study by Chao et al40, investigated the association
between the type of foods frequently craved using the FCI compared to selfreported, habitual consumption of hyperpalatable, energy-dense food items.40
Cravings for high fat foods were associated with intake of high fat foods but
not carbohydrates or sweets.40 Likewise, cravings for sweets were associated
with intakes of sweets but not high fat foods or carbohydrates.40 Overall,
analysis of the diet corroborated preliminary laboratory findings that cravings
for specific hyperpalatable food groups were associated with habitual
consumption of food items under their respective category.40 Interestingly,
cravings for specific hyperpalatable food items only correlated with food items
containing a the food attributed (i.e. high-fat, starchy, sweet, etc.) reported to
habitually crave. The results by Chao et al.40 demonstrate the conditioned
response of a craving resulting in intake of those energy-dense craved foods,
but caution is advised considering the study design is only cross-sectional and
temporality cannot be inferred. An overall poor diet quality is associated with
high trait food cravers.42 In a sample of women with overweight characterized
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as either high or low trait food cravers, the women reporting high trait food
craving reported a lower diet quality score compared to the women reporting
low trait food cravings.9 Alongside a low diet quality, there were significant
associations with higher eating frequency and longer daily eating interval. 9
Consistently indulging in food cravings may negatively impact overall diet and
aid in further conditioning of problematic eating behaviors. To improve diet
quality and reduce eating frequency throughout the day, consuming high
protein meals may be beneficial because of satiating properties.10

HEDONIC & HOMEOSTATIC: PROTEIN
As forementioned, homeostatic and hedonic processes are integrated
and do not function independently from one another.8 Reward responses are
influenced not only by environmental cues, but the taste, smell, and texture of
a meal, but also the energy composition and notably the protein content.12
Protein is characterized as a satiety nutrient, due to the physiological
mechanisms occurring during digestion, absorption, as well as postabsorption.10 Consumption of protein promotes satiety more so than
carbohydrates or fat.10 Following protein digestion and absorption, peptides
are released which communicate with the brain through different hormonal
signals relaying energy status.10 During digestion, polypeptides are initially
broken down to smaller fragments, or peptides, in the stomach.43 Then, these
peptides enter the small intestine and further break down into smaller
components, or amino acids.43 During this process of cleaving polypeptides to
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prepare the molecule for proper absorption, enteroendocrine cells are
activated, releasing the satiety hormones cholecystokinin (CCK) and glucagon
like peptide-1 (GLP-1) into the lumen.43 Although most dietary proteins are
rapidly degraded in the digestive tract, some proteins are resistant to
hydrolysis and absorption because of factors such as the amino sequence or
modifications to the food matrix as result of food processing.43 Proteins that
evade absorption are then metabolized in the large intestine by the gut
bacteria, or microbiota.43 The bacteria present in the colon degrade the
proteins, resulting in amino acids.14,43 The microorganisms then use the amino
acids either for their own growth, or for synthesizing nitrogenous compounds
such as ammonia or amines.14,43
One way that protein rich foods can be characterized are as plant
(legumes, nuts, seeds, whole grains, soy) or animal proteins (meat, dairy,
eggs), based on the source. However, homeostatic, single test meal,
randomized control trials show inconclusive evidence on whether the protein
source differs, plant or animal, for influencing satiety and prospective energy
intake.20–23,72 There is little knowledge of whether habitual high intake of plantor animal-based proteins will necessarily increase satiety and decrease any
excessive eating behaviors such as food cravings. A randomized cross over
single test-meal study investigating the satiety differences in 43 healthy men
consuming a high or low protein legume or pork meal exhibited greater satiety
after a high protein legume meal compared to a high protein pork meal.20 A
study comparing the effect of a fiber-matched mushroom and beef breakfast
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sandwich on hunger, satiety, and prospective energy intake found participants
reported decreased hunger, prospective consumption, and greater fullness,
after the mushroom breakfast sandwich compared to the beef.73 Recently, a
cross-over randomized trial comparing self-reported satiety responses and
plasma hormonal biomarkers after eating meals containing buckwheat, hemp,
and beef found the buckwheat meal promoted satiety and reduced hunger for
longer than the beef meal.72 Another study investigating self-reported satiety
differences between fiber-matched pea, rye, and pork meatballs found the
addition of fiber to the pork meal led to increased satiety but there were not
overall significant differences in self-reported appetite or satiety response or
postprandial responses of GLP-1 or PYY, between the pea, rye, and pork
meatballs.23 Lastly, a study by Nielsen et al.21 found no significant differences
in healthy men for palatability and satiety scores as well as prospective energy
intake between a legume meal and a fiber-matched egg meal.
Although the randomized cross over single-test meal studies produce
inconclusive findings, there is no consideration of hedonic responses after
both the plant- and animal-based protein meals. A high protein breakfast (50
g) compared to normal protein breakfast (18 g) consumed by adolescent girls
with overweight reduced activation in the insula and middle prefrontal cortex
after consumption.11 The insula is the part of the brain associated with
gustatory processing, reward, desire, and cravings.11 The middle prefrontal
cortex has a role in physiologic and reward signaling as well.11 Therefore, a
high protein meal reduced activation in the reward center of the brain for
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adolescent overweight girls.11 A study by Hoertel et al.74conducted in a similar
female population found a sustained decrease in self-reported food cravings
over 4 hours for sweet and savory foods when a high or normal protein meal
was consumed at breakfast compared to no meal consumed. This study
measured homovanillic acid (HVA) specifically, which is closely associated
with dopamine, and found a significant increase in HVA levels 4 hours after
consuming the high protein meal, but not after a normal protein meal.74
Although there are some experimental studies showing the effect a high
protein meal has on hedonic responses, there is only one known study which
investigated whether the protein source, plant or animal, has a greater effect
on homeostatic and hedonic responses. Douglas et al.22 found a greater
activation in the insula and anterior cingulate in healthy males after a serving
size-matched soy lunch compared to a serving size-matched beef lunch,
which led to a reduction in activation. The other studies focused mainly on
homeostatic measurements rather than hedonic, leading to the potential for
future research further exploring the relationship between the two systems.
Although strong in their designs, the studies fail to capture the variability of
habitual diet and the synergistic nature of nutrients.

HEDONIC & HOMEOSTATIC: FIBER
There is bidirectional communication between the gut microbiome and
the brain coined the “gut-brain axis” that influences appetite and satiety.19,43
The gut bacteria colonized in the colon contributes to the homeostasis of the
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host.75,76 Through anaerobic fermentation of dietary nutrients, the gut bacteria
produce beneficial metabolites that influence satiety.7,76 Positive metabolites,
such as short-chain fatty acids, provide the colonocytes with energy and act as
substrates for G-coupled receptors on various tissues stimulating the release
of Peptide YY (PYY) and Glucagon-like peptide-1 (GLP-1), two circulating
satiety hormones.53,76 In order to yield such positive metabolites, the gut
bacteria require fermentable carbohydrates from the diet, typically present in
minimally processed plant based foods such as whole grains, vegetables,
fruits, and legumes.14,43 These fermentable carbohydrates include nondigestible polysaccharides oligosaccharides, disaccharides, monosaccharides,
and polyols that escape small intestinal absorption and make it to the colon.43
Thus, they do not yield systemic energy in the body but are accessible to the
gut bacteria for fermentation.43 Additional satiety mechanisms of dietary fibers
include delayed gastric emptying and intestinal distension signaling to the
brain to reduce food intake.43 The viscosity of soluble fibers allow for delayed
digestion and absorption, enhancing the feeling of being full quicker, reducing
energy intake.13 Dietary fibers, which fall under the category of non-digestible
carbohydrates, are fermentable to varying degrees, and are beneficial for
suppressing appetite and enhancing the feeling of being full.14,43 One crosssectional study investigated the association of the gut microbiota and eating
behaviors when increasing participants’ intake of a fermentable dietary fiber,
inulin, over three weeks. The study found that participants showed an
increased preference and desire for vegetables while their cravings for salty,
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sweet and fatty foods diminished after three weeks compared to baseline.16
The majority of experimental, homeostatic trials investigating fiber’s role in
satiety focuses on supplementing with singular types of fibers. Although
important, nutrients are not consumed in isolation and there is a lack of
evidence of habitual intake of whole, fibrous foods and food cravings.

CONCLUSION
Frequent conclusions to experimental or observational studies are to
include food cravings as an important component when treating patients with
obesity who are overeating or show signs of disordered eating. However, there
has been no concise and specific recommendations on the best personalized
treatment or intervention plan for food cravings. When crafting interventions
around food cravings, it is important to utilize a biopsychosocial approach.
Biologically, the hedonic and homeostatic regions of the brain are integrated
and communicate from food seeking, food consumption, to meal termination.
Thus, it is important to consider which types of foods are typically craved and
understand the potential of certain diets to reduce cravings and enhance
satiety. There has been more focus in the literature on specific foods that
trigger cravings instead of overall dietary composition or consumption of
satiating nutrients. It is important to consider the association between overall
dietary habits and food cravings because food cravings are a conditioned
response to internal and external factors influencing food intake.
Psychologically, food choice and decision making can be influenced by
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cognition and emotions. Thus, understanding individual relationships between
food intake and common external or internal cues to eat are necessary for
finding a targeted point of intervention. The influence emotions, intrusive
thoughts, or stress have on triggering food cravings needs to be understood to
promote adherence and effectiveness of a diet before simply prescribing the
diet. Socially, food craving is not as relevant in some cultural contexts and
awareness of specific groups who are more, or less at risk than others is
important for understanding the variability of cravings. Lastly, environmental
cues can exacerbate food cravings, thus identifying specific events, times in
the day, or places that trigger a craving is important to understand the cues to
eat. Furthermore, patients can be educated or instructed on ways to navigate
the food environment without being sensitive to external food cues.
Unfortunately, a lot of intervention strategies need to be generalized before
individualized considering there are more observational studies than
experimental in the field of food cravings.
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B. SUPPLEMENTARY TABLES
Supplementary Table 1: Self-Identified Dietary Patterns compared to Reclassified Animal or Plant Protein Consumers
Self-Identified
Dietary
Pattern* (n ,%)
Sample Size

Animal Proteina

Plant Proteina

56 (57.1%)

42 (42.9%)

0

17 (17.3%)

Vegetarianc
Ovo-vegetariand
Lacto-vegetariane

5 (5.1%)
0 (0.0%)
2 (2.1%)

12 (12.2%)
1 (1.0%)
1 (1.0%

Pescatarianf

1 (1.0%)

5 (5.2%)

Paleog

1 (1.0%)

1 (1.0%)

45 (45.9%)

4 (4.1%)

2 (2.1%)

2 (2.1%)

Veganb

Non-Vegetarianh
Otheri

*The list of dietary patterns is list of options participants were able to choose
from
a Protein groups separated by median split value for plant and animal
protein in grams. Median for plant (29.51 grams) and animal protein (29.55
grams).
b Vegan is defined as restriction of meat and animal by products from the
diet; does not consume meat, seafood, dairy, or eggs.
c Vegetarian defined as one who consumes dairy and eggs but not meat.
d Ovo-vegetarian defined as one who only consumes eggs but not dairy or
meat.
e Lacto-vegetarian is defined as one who consumes dairy but not eggs or
meat.
f Pescatarians are defined as people who consume fish/seafood, eggs,
dairy, but not meat.
g Paleo is defined as consuming lean meats, fish, fruits, vegetables, nuts
and seeds.
h
Non-vegetarian is defined as an omnivorous diet, one who eats eggs,
meat, and dairy.
i Other: participants did not directly specify.
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Supplementary Table 2: Correlationa,b Between a priori Covariates,
Independent, and Dependent Variables
Vari
FC Ener TPc
PPc
APc
Fiber DQ
Gen Rac BMI
c
able
gy
derb eb
s
FC
1.00
Ener
gy
TPc

.18
1.00

-

-

-

-

-

-

-

-

-.08

.21*

1.00

-

-

-

-

-

-

-

-.06

-.16

-.30*

1.00

-

-

-

-

-

-

-.07

.21*

.86*

-.66*

1.00

-

-

-

-

-

Fibe
rc

-.06

-.15

-.29*

.83*

-.57*

1.00

-

-

-

-

DQ

.11

-.03

-.16

-.66*

-.40*

.77*

1.00

-

-

-

Gen
derb
Rac
eb
BMI

-.07

.13

.13

-.20*

.18

-.24*

-.25*

1.00

-

-

.33*

-.17

-.05

-.07

-.01

-.11

-.15

.20*

-

.10

.12

.09

-.24*

.17

-.24*

-.19*

.21*

1.0
0
.05

Age

-.10

-.12

-.15

.22*

-.20*

.28*

.26**

.03

PPc

APc

1.0
0
-.05 -.05

FC = Food craving questionnaire total score, AP=Animal Protein (%kcal),
PP=Plant Protein (%kcal), TP= Total Protein (%kcal)BMI= Body mass index
(kg/m2), Energy= Total Daily Kiloalories (kcal) , DQ= Diet Quality,
aPearson correlation used for continuous variables: total energy intake
(kcals), FCQTS, total protein, total animal protein, total plant protein, fiber,
diet quality, BMI, and age.
b Spearman correlation used for categorical variables: race and gender
c NDietary fiber is expressed regarding the dietary guideline’s
recommendations of 16 g of fiber per 1000 kcal.
*p<0.05
c concern for collinearity (r > 0.90)41
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Supplementary Table 3: Spearman Correlations* for Primary Independent
Categorical Variablea and a priori Covariates
Variable
Protein Groupsa
p-value
Gender

0.17

0.09

Raceb

-0.03

0.72

Age

-0.16

0.12

BMI (kg/m2)

0.19

0.06

Diet Qualityc

-0.53*

<0.01**

Energy (total kcal)

0.12

0.24

FCQTSd

0.10

0.32

Dietary Fiber (g)

-0.45*

<0.01*

Total Protein (g)

0.35*

<0.01*

*Spearman correlations: An r > 0.20 or r < -0.20, represents a strong
correlation, and the variable will not be included in the primary analysis.41
a Re-classified animal and plant protein groups based on median split value
for crude total daily intake of plant and animal protein in grams.
b Race dichotomized by white and other
c Measured by the Healthy Eating Index 2015
d Food craving questionnaire total score
**P < 0.05
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E. FOOD CRAVING QUESTIONNAIRE TRAIT REDUCED
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